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METHODS
Alterations in Transesophageal Pulsed Doppler Indexes of Filling of
The Left Ventricle After Pericardiotomy
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The Impact of pericardial constraint on patterns of left ventricular
filling was measured by transesophageol pulsed Doppler echocar-
diography in 30 patients undergoing elective nonvalvutar cardiac
surgery . Peak early left ventricular filling velocity increased from
0 .52 t 0 .11 to 0.56 ± 0.15 mils (p < 0.05) and early left
ventricular
filling fraction increased from 60 ± 9% to 65 t 9%
(p < 0.005) after pericardiotomy.
The study group was retrospectively subdivided into two
groups based on the prepericardiotomy mean right atria) pres-
sure, an index of intrapericardial pressure and hence pericardial
constraint. In 13 patients with a mean right atria) pressure
<6 mm Hg, no significant changes in early left ventricular filling
Left ventricular filling and transmittal flow velocities arc the
result of a complex interplay of upstream driving forces
(represented by left atria) pressure), mitral valve impedance .
intrinsic left ventricular diastolic properties and external
constraints to left ventricular filling (1-3). We previously
demonstrated that isolated pressure (4) or volume (5) over-
load of the right ventricle results in significant changes in the
filling pattern of the apparently normal left ventricle . We
hypothesized that these changes were mediated by leftward
displacement of the ventricular septum . resulting from the
anatomically parallel arrangement of the right and left ven-
tricles and their common external constraint of the pericar-
dium and surrounding thoracic structures .
In this study, we examined the impact of the release of
external constraint to left ventricular filling in patients un-
dergoing elective nonvalvular cardiac surgery . Left ventric-
ular filling patterns before and after pericardiolomy were
measured with Iransesophageal echocardiography and
pulsed Doppler transmitral flow velocity recordings .
Whereas previous investigators have examined the influence
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were evident after pericardiotomy
. In 17 patients with a mean
right atria[ pressure w6 mm Hg indicative of a greater degree of
pericardial constraint before perinrdiotomy, significant increases
in peak early filling velocity (0 .52 w 0,13 to 0.57 t 0.19
rots,
p <
0 .05), peak early filling rate (4
.29 t 0.67 to 4.66 x 0.86 stroke
volumesls, p < 0.05) and early left ventricular filling fraction
(57 t 7% to 63 t 8%, p < 0,001) were measured after
pericardiotomy.
Thus, the pericardium does constrain early left ventricular
filling and its effects are more pronounced in patients with an
elevated right atria) pressure.
fJ Am Call Cardiol 1991;188655-60)
of the pericardium on ventricular pressure-volume relations
and ventricular geometry of the left (6-10) and right (11 .12)
heart chambers, we present a detailed analysis of left ven-
tricular filling dynamics before and after pericardiotomy.
Methods
Study patients (Table 1). Thirty patients (average age
62 '- II years) scheduled for elective nonvalvular cardiac
surgery gave informed consent for this study, which had the
prior approval of the Institutional Review Board of Loyola
University Medical Center . Baseline patient characteristics
are presented in Table t . All patients were in stable sinus
rhythm at the time of this study and no patient had intrinsic
valvular disease, pulmonary hypertension (the mean pulmo-
nary artery pressure was 16 ± 4 mm Hg) or greater than
aagiographic grade llIV initial regurgitation .
Surgical preparation and hemodynamics. All medications
were withheld for >-8 h before surgery, General anesthesia
was induced with fentanyl (30 to loo pg1kg body weight) and
pancuronium (0 .1 mg/kg) . Ventilation was adjusted to main-
tain normocarbia . Hemodynamics were measured with a
radial artery catheter and a triple-lumen pulmonary artery
catheter attached to equisensitive calibrated pressure trans-
ducers adjusted to a 0 reference point 5 cm posterior to the
sternal angle. Phasic and mean pressure tracings were re-
corded on a strip chart recorder at 50 mmls simultaneously
with limb lead II of the electrocardiogram (ECG) for subse-
0715-10971911s.l.5n
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Table t . Clinical Characteristics of the 30 Study Patients
Group I Patieen Group II Paienl,
All Study Palienls RAP <6 mm Hgl (RAP ?6 mm Hg)
In =30) In =1A (a=I7)
As, IyD' 62 --
11 62 x 14 62 x it
state cVII
$3
92 76
LVEF(7r 46--12
47m12
46212
'Mean values 2 SD . LVEF = left ventricular (eclion rraaion ; RAP =
right alrial pre»ure during apnea .1 0
end-espirarory pressure before
peRcardiotomy .
quent data analysis . Cardiac output was measured as the
average of triplicate thermodilution determinations . A
5-MHz phased array transesophageal echocardiographic
probe was passed into the esophagus and the transducer face
was positioned approximately 25 to 30 cm from the incisors
posterior to the left atrium fur the measurement of transmi-
tral flow velocities . The transesophageal echocardiographic
probe was interfaced to a Hewlett-Packard 77030A echocar
diograph for simultaneous recording of the Doppler spectra
of transmitral flow velocities and limb lead II of the ECG on
0 .5-in, (1 .27 cm) VHS videotape at a sweep speed of
100 mails for subsequent playback and analysis on a Nova
Microsonics Data Vue analysis station .
Figure 1 . Quantitalion of transmitral flow velocity profiles . Left,
Transmittal pulsed Doppler flow velocity spectrum obtained by
transesophageal echocardiography with the Doppler beam aligned
with the left ventricular inflow tract and the sample volume at the
mural leaflet lips. The spectrum has been electronically inverted
such that velocities directed away from the transducer and into the
left ventricle are above the 0 baseline . Right, Schematic depiction of
the off-line digitization of the flow velocity spectrum . The most
intense portion of the flow velocity envelope representing instanta-
neous modal transmitral velocities was digitized (broken line) and
the area under that wave form integrated to measure stroke distance
(SD). The am. ., under the early (FVl r
= early flow velocity integral)
and axial lFVI, = alrial flow velocity integral) portions of the
transmitral flow velocity spectrum were integrated separately . The
peak early filling velocity (V,) and peak atrial filling velocity (V,1
were measured and peak early filling rate (PFR, = V,ISD) and peak
atrial filling rate (PFR, = V,ISD) computed . Early filling fraction
was defined as FVI,ISD and atrial filling fraction as FVI,ISD
.
ECO = electrocardiogram .
Transesophageai Doppler echocardiographic examination .
The echocardiographic probe was maneuvered so that stable
contact with the esophagus was achieved, resulting in repro-
ducible high resolution images of the left atrium, mitral valve
and left ventricle . The imaging plane was adjusted frr
optimal alignment with the left ventricular inflow tract by the
following criteria: I) the left atrium, center of the mitral
anulus and left ventricular apex were aligned along a ray
originating from the apex of the scan sector ; 2) the left
ventricular cavity area am mitral anulus (septa) to lateral)
diameter were maximized ; and 31 the left ventricular outflow
tract was excluded . The pulsed Doppler cursor was aligned
precisely with the left ventricular inflow tract, coursing
through the midpoint of the mitral anulus and the left
ventricular apex . The pulsed Doppler sample volume was
positioned within the mitral leaflets near their tips to repro-
ducibly record the highest transmittal flow velocities within
the left ventricular inflow tract. Because Doppler cursor
alignment parallel to the presumed direction of transmitral
flow could be achieved in each patient, angle correction of
the velocity measurements was not performed .
Minor adjustments of cursor alignment were permitted to
achieve optimal recording of transmitral flow velocity signals
characterized by : 1) reproducibility of Doppler spectra ; 2)
maximal peak velocities ; 3) an accompanying high-pitched
whistling audio signal ; and 4) minimal (<0 .5-kHz) spectral
broadening of the flow velocity envelope (4,5). Once optimal
positioning of the transesophageal echocardiographic probe
was achieved, the position controls were locked and the
probe was left undisturbed for the duration of the protocol .
Quantitation of Doppler spectra (Fig . 1). All measure-
ments from the pulsed Doppler spectra of transmittal flow
velocities were performed in triplicate and averaged by an
observer who had no knowledge of the hemodynamic mea-
surements. The portion of the pulsed Doppler spectrum with
greatest intensity, representing the instantaneous modal flow
velocity envelope, was identified forsubsequent digitization .
The peak early filling velocity (V
0) (occurring during the
rapid diastolic filling phase of the left ventricle) and the peak
atrial filling velocity (V 0) (representing late diastolic filling of
the left ventricle due to atria] systole) were measured . The
area under the entire transmitral flow velocity profile repre-
senting stroke distance (SD) was integrated by planimetry .
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VIE = Peak early filling velocity
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VA = Peak Initial tilling velocity
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Table 2 . Hemodynamic Measuretrents (mean values m SDI
in the 30 Study Patients
p a 0,05 far the paired compari .sun f e
each patent serving as his or her own control War, IPr
vs. after Post pericardiotumy . .All ethos paired
comparisons before and after pericardielomy were not statistically significant
. HP =
rerun
mie blood pressure
: CO = cardiac autpuL HR = run rate,
PCW = mean pulmonary capillary wedge pressure
: other abbreeiarions as in Table I .
Peak early PFRC I and atria PFR,
left ventricular filling
rates expressed in stroke volumes SV per second were
computed as previously described by Bowman et al .
13 :
PFRe = V,/SD
and
PFRa
= V,/SD.
To quantitate the relative contributions of the early and
atria systolic phases of left ventricular filling, we separately
integrated the areas under the early and atrial systolic
portions of the flow velocity envelope and expressed them as
percent filling fractions of total left ventricular diastolic
filling by dividing each area by stroke distance SD . The
early diastolic phase of left ventricular filling was defined as
beginning with the initial increase in transmitral flow veloc-
ities at the onset of the diastolic filling period and ending
when the subsequent deceleration limb of the transmitral
flow velocities transected the zero baseline . In similar fash-
ion, the atria
phase of left ventricular diastolic filling was
defined by the abrupt increase in transmitral velocities
occurring after the onset of atria systole and ending when
the deceleration limb transacted the zero baseline
. Percent
filling fractions for early filling and atrial systolic filling did
not add up to 100
in those patients in whom a small portion
of the stroke distance comprising low filling velocity during
diastasis was included in neither the early filling phase nor
the atria systolic filling phase as defined in this study
.
Protocol. After the induction of anesthesia and the per-
formance of a median sternotomy but before pericardiot-
omy, initial baseline measurements were obtained. During
this period and continuing to the end of the protocol,
anesthetic technique, intravenous fluid administration and
intravenous medications were held constant . During a brief
period of apnea at 0 cad-expiratory pressure, stable mea-
surements of hemodynamic variables and transmittal flow
velocities were obtained . Normal ventilation was resumed
and the pericardium was opened by midline incision from the
superior pericardial reflection on the aorta down to the
diaphragmatic border . Subsequently, a transverse incision
was made at the level of the diaphragmatic border and the
REYNERTSON ET AL
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pericardial edges were suspended to the chest wall
. In each
patient
. the pericardium was judged to be normal on visual
inspection and the pericardial space free of abnormal fluid_
Once the pericardium was opened. hemodynamic and trans-
Initial flow velocity measurements were repeated during a
brief period of apnea at end-expiration
. The total elapsed
time between tae pre- and postpericardiotomy measure-
ments averaged 3 .8 x 1 .8 min .
Statistical analrsis, Pre- and postpericardiotomy compar-
isons in a given patient serving a
; his or her own control
were performed with Student s paired I statistic- intergroup
comparisons were performed with Student s unpaired r
statistic . A two-tailed p value < 0
.01 was considered statis.
tically significant
. Data are reported as mean values ^ I SD .
Results
Analysis of All Sludv Patients
Hemodynamies Table 2 . For all 30 patients . heart rate,
cardiac output, mean systemic blood pressure and pulmo-
nary capillary wedge pressure did not change from baseline
values after pericardiotomy
. There was a small but statisti-
cally significant decrease in mean right atrial pressure aster
pericardiotomy
6 ± 3 vs. 5 m 3 mm Hg- p < 0.05 .
Transmitral flow velocities
. For all 30 patients, peak early
left ventricular filling velocity Ve was 0.52 ± 0.11 m/s at
baseline and increased to 0
.56 _ 0.15 m/s p < 0.05 after
pericardiotomy. In contrast, peak atria systolic left ventric-
ular filling velocity IV,,
tended to decrease after pericardiot-
omy 0 .53 ± 0.18 vs. 0.48 ± 0.16 Ms, p = 0 .053 . but this
change achieved only borderline statistical significance
. As a
result, the V,IV, ratio increased significantly after pericar-
diotomy from 1 .08 ± 0.36 to 1 .28 ± 0.55 IT, < 0 .011 . Peak
filling velocities normalized for stroke distance and ex
.
pressed as peak filling rates in stroke volumes s SVIS
demonstrated similar changes. Thus, in early diastole, peak
filling rate increased from 4.36 ± 0.73 to 4 .68 ± 0 .93 SVI5
p < 0.02} after pericardiotomy. The atrial systolic peak
filling rate tended to be lower after pericardiototy 4 .36 x
1 .34 vs . 4 .04 ± 1 .24 SV/s, p = 0 .10
. but this change was not
statistically significant.
All Study Pantstn = 30)
Group I Paticna
TRAP <h met lip
In = I
Group II Pan-,
TRAP a6 mm He,
1
. = 171
Pre Past
Pre Puss Pre
out
HRlbearslminl 61 * 9
6_ 9 5Y n 1_ 6. _ 11 61 _ ,
62 ! 8
CO Iliterslmtn) 4 .9 , I x 1, 5
.1 I .4 a 1,9 4.7 x 1 is - 1
BP Imm Hg) 79 ! 9
79 x 8 - S 79
: 7 80 _ 10 e1 x 8
PCWmanHgl I0 a4 12_6
3 9 .y5
13 _3 sacs
RAP (.in Hit) 6x3 5_3^
tel
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2
_
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Pro Porleardlotomy
Figure 2. Increase in early left ventricular filling indexes after
pericardiotomy in a patient with a prepercard iotomy mean right
atria pressure of I I mm Hg. Examples of transmittal flow velocity
profiles recorded by transesophageal pulsed Doppler echocardiog-
raphy are displayed just before left and immediately after right
pericardiotomy . The spectra have been inverted such that velocities
directed away from the transducer and into the left ventricle are
portrayed above the 0 baseline. After pericardiotomy peak early
left ventricular filling velocity V, increases to such an extent that
it aliases, resulting in its registration below the 0 baseline of the
spectrum . Both peak early left ventricular filling velocity and flow
velocity integral of early left ventricular filling FVI E increase after
pericardiotomy . ECG = electrocardiogram .
To assess the impact of these changes on the distribution
of left ventricular filling throughout diastole, we measured
the percent filling fraction for early diastolic filling and atria
systolic filling. The early diastolic filling fraction increased
significantly after pericardiotomy from 60 ± 9 to 65 ± 9
p < 0 .005
, whereas the atrial systolic filling fraction tended
to decrease 35 t 9 vs . 32 ± 10 , p = 0 .06 ; this change
was of only borderline statistical significance .
Analysis of Posrpericardiotomy Effects
Stratified for Prepericardiotomy
Riglti Atria Pressure
Because right atrial pressure before pericardiotomy is a
reflection of intrapericardial pressure 14-16
, we divided
the study group into two subgroups according to the preperi-
cardiotomy right atrial pressure of`6 mm Hg average value
for the study group . Group I had a mean right atrial pressure
<6 mm Hg
average 3 ± 1 and Group 11 had a mean right
atrial pressure a6 mm Hg average 8 t
2 .
Hemodynamics Table 2 . Before pericardiotomy, mean
pulmonary artery pressure 13 t 4 vs. 18 t
3 mm Hg, p <
0 .001
and pulmonary capillary wedge pressure 7 ± 3 vs .
13 t 3 mm Hg, p < 0.001 were lower in Group I patients
than in Group 11 patients . Heart rate, mean systemic blood
pressure, cardiac output, left ventricular ejection fraction
and age Tables I and 2 were comparable in the two groups
.
Past Pericardtotomy
IACC Vol . Ia . No . 7
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Pericardiotomy resulted in no statistically significant
changes in heart rate, cardiac output or mean arterial pres-
sure for either Group I or Group 11 patients Table 2 . Mean
right atria pressure did decrease significantly after pericar-
diotomy in Group I patients 3 ± I to 2 ± 2 mm Hg, p < 0.05
and Group II patients 8 t 2 to 7 t 3 mm Hg, p < 0 .05 . Of
importance, mean pulmonary capillary wedge pressure,
which is the upstream driving pressure for transmitral flow,
was unchanged before versus after pericardiotomy for both
Group I patients 7 t 3 vs . 9 ± 5 mm Hg, p = NS and Group
11 patients 13 ± 3 vs . 14 ± 6 mm Hg, p = NS .
Transmitral flow velocities . Although pulmonary capil-
lary pressure did not change after pericardiotomy in either
Group I or Group 11 patients, the two groups exhibited
distinctly different changes in transmitral flow velocity pro-
file after pericardiotomy . In Group I patients prepericardiot-
omy mean right atria pressure <6 mm Hg , pericardiotomy
resulted in no consistent change in peak early left ventricular
filling velocities
0
.54 t 0
.08 vs . 0.55 ± 0.08 nits, p = NS .
In contrast in Group It patients prepericardiotomy mean
right atrial pressure >6 mm Hg , pericardiotomy resulted in
a significant increase in peak early left ventricular filling
velocity from 0 .52 ± 0 .13 to 0.57 t 0.19 m/s p < 0.05 Fig.
2 . Expressing these same measurements as peak filling rate
normalized for stroke volume, Group I patients exhibited no
change in early diastolic peak filling rate after pericardiot-
omy 4 .44 ± 0.82 vs. 4 .71 ± 1 .04 SV/s, p = NS , whereas it
increased significantly after pericardiotomy in Group It
patients 4 .29 ± 0 .67 vs . 4.66 t 0.86 SVIs, p < 0.05 .
To examine the impact of these changes on left ventric-
ular filling, we measured the changes in percent early left
ventricular filling fraction after pericardiotomy. Among
Group I patients, changes in early left ventricular filling
fraction were variable after pericardiotomy 64 _ 9 vs .
67 ± 9 , p = NS . In contrast, among Group 11 patients
prepericardiotomy mean right atrial pressure =-6 mm Hg ,
early left ventricular filling fraction increased significantly
from 57
t
7 before pericardiotomy to 63 t 8 p < 0.001
after pericardiotomy Fig
.
2 . Early left ventricular filling
ACC Vol .Id.N,, 7
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fraction increased after pericardiotomy in 14 oft he 17 Gr,rap
11 patients and was unchanged in 3.
Indexes of late d:rstolic left rent,h olur filling amibumblr
to atrial systole
did not show statistically significant changes
after pericardiotomy in either group of patients The peak
atrial filling velocity was similar before and after pericardiot-
omy for both Group 1 0.49 011 vs . 0 .45 -- 0 .18 sues . p =
NS and Group 11 0 .57
0 .16 vs . 0 .51 ± 0 .15 Hs, p = NS .
These measurements expressed as peak atria filling rate
normalized for stroke volume were also similar before and
after pericardiotomy for both Group 1
3 .91 ± 1 .63 vs . 3.70 ±
1 .33SWs,p=NS andGroup l1 4 .70±0 18vs .4.79=_ 1 .15
SVIs, p = NS . Percent atrial filling fraction for Group I
patients was 32
t
10 before pericardiotomy and un-
changed after pericardia omy 31 ± III ,. p = NS . For
Group 11 patients, there was a trend of only borderline
statistical significance toward a decrease in percent atria
filling fraction after pericardiotomy from 37 = 8 to 33 -.
10 , p = 0 .053 .
Discussion
Impact of pericardiotomy on left ventricular filling . In this
study, we examined the impact of pericardiotomy on pulsed
Doppler indexes of left ventricular filling measured by
transesophageal echocardiography in patients undergoing
elective cardiac surgery. These patients were free of primary
valvular disease, had relatively preserved left ventricular
systolic function mean left ventricular ejection fraction 46 x
12
, and had a normal pulmonary artery pressure mean
16 ± 4 mm Hg . Filling pressures for the right mean right
atria pressure 6 ± 3 mm Hg
and left mean pulmonary
capillary wedge pressure 10 ± 4 mm Hg sides of the heart
were relatively low under the anesthetic conditions of the
study. Initial hemodynamic and Doppler measurements
were performed after release of potential thoracic wall
constraints to left ventricular filling that is, after median
stetnotonty but before pericardiotomy and were repeated
after release of pericardial constraint by pericardiotomy
. A
statistically significant 5 increase in the relative contribu-
tion of early diastolic filling to total left ventricular filling
occurred after pericardiotomy and was associated with sig-
nificant increases in early peak filling velocity and early peak
filling rate in the absence of change in pulmonary capillar,
wedge pressure .
Patients with law versus high right atrial pressure . Be-
cause previous intraoperalive studies 114 .151 demonstrated
that mean pericardial surface pressure correlates well with
right atrial pressure, we reexamined our results with respect
to mean right atrial pressure before pericardiotomy . Group I
patients with a relatively low mean right atrial pressure
<6 mm Hg and thus minimal pericardial constraint were
analyzed separately from Group 11 patients with a higher
mean right atrial pressure -6 mm Hg « llective at higher
intrapericardial pressures . We hypothesized that this latle,
group would experience a more marked impact of pericar-
KEVNEaaUN Er IS
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diotomy on early left venticular filling . The two groups were
comparable with respect to baseline left ventricular ejection
fraction and hemodynamic variables
. except that mean out-
monlry capi"acV wedge pressure and neon pulmonary at-
levy pressure were significantly higher m Group IL On
average- Group I patients did not demonstrate significant
changes in early left ventricular filling after pericardiotomy,
whereas Group II patients exhibited significant increases in
early peak tilling velocity and early peak filling rate after
release of pericardial constraint
. In particular, the change in
early left ventricular dlling fraction was heterogeneous in
Group I patients
increasing in eight patients, decreasing in
four and unchanged in one patient . In contrast, in Group 11
patients, early left ventricular filling fraction decreased in no
patient, increased in 14 patients and was unchanged in 3 after
pericardiotomy .
Relation to previous studies . We previously demonstrated
4
.5 that the left vcnricular filling pattern of the apparently
normal lift ventricle can be altered by isolated pressure 4
or volume 5 overload of the
right
ventricle . Presumably.
dynamic interaction between the two sides of the heart
mediated by common external constraints to ventricular
filling and the shared ventricular septum plays an important
role in these changes 4 .5 . Tyberg et al . 1151 and Boltwood
et al. 14 suggested that alterations in left ventricular filling
induced by pharmacologic manipulation of loading condi-
tions may result from changes in cardiac volume within a
limited pericardial space. Thus, apparent alterations in left
ventricular diastolic pressure volume relation: may really be
a reflection of changes in relative pericardial constraint as
ventricular volume is manipulated
. The current study pro-
vides further evidence that the dynamics of left ventricular
filling are influenced by pericardial constraint, whose impor-
tance is magnified under conditions of altered right ventric-
ular loading 4.`
.
Studies in humans 17 .18 and in canine preparations
19-21 have clearly demonstrated that under stable hemo-
dynamic conditions, an isolated increase in left atria pres-
sure results in an increase in transmittal pressure gradient
and hence an increase in peak early filling velocity . In the
current study, patients in Group 11 had a significantly higher
mean pulmonary capillary wedge pressure than did patients
in Group 1 13
.
3 vs . 7 t 3 man Hg, p < 0.001 before
pericardiotomy. In our experimental design, each patient
served as his or her own control and pulmonary capillary
wedge pressure did not change significantly with pericardiot-
omy in either group of patients . Thus, intergroup differences
in pulmonary capillary wedge pressure alone cannot explain
the poslpericardiotomy increase in early left ventricular
filling in Group II patients .
Role of release of pericardial constraint . Early left ven-
tricular filling velocities are determined in large measure by
left atria pressure upstream of the mitral valve and con-
straints to left ventricular filling lownstrzam from the mitral
valve . Assuming that intrinsic left ventricular diastolic prop-
erties were constant during the course of our measurements.
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the release of pericardial constraint roost likely explains the
improved early diastolic filling observed in our patients . This
change in external constraint to left ventricular filling can be
estimated by left ventricular transmural distending pressure
measured as the difference between left atrial and intraperi-
cardial pressure . Substituting pulmonary capillary wedge
pressure for left and right Rtrial pressure for intrapericardial
pressure 14 .15 , the estimated transmural left ventricular
distending pressure was similar in Group I and
Group 11
patients 4 - 3 vs. 5 ± 3 mm Hg, p = NS before the
pericardium was opened . After pericardiotomy, the epicar-
dium ofthe left ventricle is exposed to atmospheric pressure :
hence . transmural left ventricular distending pressure can be
estimated by pulmonary capillary wedge pressure alone .
assuming that intravascular manometers are referenced to
atmospheric pressure
. Consequently, after pericardiotomy,
transmural left ventricular distending pressure was signifi-
cantly greater in Group 11 patients 14 ± 6 mm Hg than in
Group I patients 9 ± 5 mm Hg, p < 0 .02 .
Thus, Group II patients who had a higher right atrial
pressure before pericardiotomy developed a greater trans-
mural left ventricular distending pressure after pericardiot-
omy as a result of relief of pericardial constraint in the
absence of a change in pulmonary capillary wedge pressure .
This increase in the transmural left ventricular distending
pressure would result in increased early diastolic left v°n •
trlcular filling, assuming that intrinsic left ventricular myo-
cardial diastolic properties remained constant .
Because early left ventricular diastolic filling is known to
be sensitive to changes in left ventricular systolic function
13 , one might postulate that the release of pericardial
constraint could result in improved left ventricular filling as
a simple reflection of increased stroke volume. This expla-
nation does not explain the increase in peak early filling
velocities seen in Group II patients because 1 cardiac output
and heart rate did not increase after pericardiotomy, and
2 indexes of early diastolic ailing normalized for stroke
volume early peak filling rate and early diastolic filling
fraction
increased in parallel with peak early filling veloci-
ties after pericardiotomy .
Conclusions
. In this study, we demonstrated that pericar-
dial constraint is operative and can influence left ventricular
filling patterns in patients v ith preserved global left ventric-
ular systolic function and relatively normal right heart he-
modynamics
. The increases in Peak early diastolic filling
velocity, peak early filling rate and percent early filling
fraction are most pronounced in the subgroup of patients
with an elevated right atrial pressure before pericardiotomy
and reflect increased intrapericardial pressure and pericar-
dial constraint, The impact of interventions that affect left
ventricular filling may be mediated not only by changes in
left ventricular ioading conditions or in intrinsic myocardial
diastolic properties, but also by changes in the total cardiac
volume within the external constraint of the pericardium.
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